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(54) Designing and making an article of manufacture 

(57) A method lor designing, and optionally making, 
an article of manufacture is shown. Customer require- 
ment parameters are defined and related engineering 
parameters are chosen. A parametric geometrical rep- 
resentation (i.e. a master model) of the article is created 
in terms of geometric parameters using a computer pro- 
gram. A design analysis methodology is created and 
programmed (100) into a computer code and stored on 
a computer medium (1 20) such that the engineering pa- 
rameters and the customer requirement parameters are 
program inputs and the geometric parameters of the 
master model are program outputs. Specific values of 
the inputs are inputted into the computer code. The com- 
puter code is run on a digital computer (1 40) and specific 
values of the geometric parameters of the master model 
are outputted. 



he 



CREATE PROGRAM 







MEDIUM CON" 


I 

fAINING PROGRAM 



IH6 



DIGITAL COMPUTER 



CD 
00 

O 

m 
o 



Q_ 

LU 



METHOD FOR DESIGNING PART 



/6d 



/So 



MAKE DESIGNED PART 



FIG. 1 



Printed by Jouve, 75001 PARIS (FR) 



1 



•1 



1 EP 1 050 786 A1 2 



Description 

[0001] The present invention relates generally to en- 
gineering computer design tools, and more particularly 
to a process, a digital computer and a medium readable 
by a digital computer for the engineering design, and 
optionally the making, of an article of manufacture. 
[0002] Known methodologies for the engineedng de- 
sign of parts (i.e., articles of manufacture) have included 
the use of computer spreadsheets programmed with a 
mathematical geometric model of the article which al- 
lows the design engineer to vary one or more geometric 
variables, with the spreadsheet calculating the values 
of the other geometric variables within desired con- 
straints. In some instances the mathematical geometric 
model of the article is represented as a parametric ge- 
ometry model. Such models are typically developed us- 
ing commercially available Computer Aided Design 
(CAD) programs. Examples of such programs include 
Unigraphics, PROEngineer, IDEAS ; etc. 
[0003] Typically, the design engineer develops an in- 
itial geometric description of the article, assigns values 
to the dimensions and runs a separate mathematical en- 
gineering analysis, using such initial geometry values, 
to determine the engineering aspects of the design. The 
design engineer then varies certain geometric variables 
and reruns the mathematical engineering analysis. This 
is repeated until acceptable values for the engineering 
aspects of the design are reached. The final geometry 
of the design is checked against customer require- 
ments, such as life cycle requirements. Then, the design 
engineer forwards the design to manufacturing person- 
nel who perform an analysis to determine if the article 
can be manufactured and then either return the design 
to the design engineer for modification or proceed to de- 
velop the manufacturing process and actually make the 
part. 

[0004] What is needed is a more efficient modality for 
designing and making an article of manufacture. 
[0005] The method of the invention for designing an 
article of manufacture includes steps a) through i). Step 
a) includes defining one or more customer requirement 
parameters. Step b) includes creating a parametric ge- 
ometrical representation of the article of manufacture (i. 
e., a master model) in terms of geometric parameters 
using a computer aided design program. Step c) in- 
cludes storing the master model on a computer medium. 
Step d) includes choosing one or more engineering pa- 
rameters relating to the customer requirement parame- 
ters. Step e) includes creating a design analysis meth- 
odology that relates the master model to the engineering 
parameters and the customer requirement parameters. 
Step f) includes programming the design analysis meth- 
odology into a computer code such that the engineering 
parameters and customer requirement parameters are 
program inputs and the geometric parameters of the 
master model are program outputs. Step g) includes 
storing the computer code on the computer medium. 



Step h) includes inputting specific values of the engi- 
neering parameters and the customer requirement pa- 
rameters into the computer code. Step I) includes run- 
ning the computer code on a digital computer and out- 
5 putting therefrom specific values of the geometric pa- 
rameters of the master model. 

[0006] In one implementation, the method is also for 
designing a manufacturing process for making the arti- 
cle of manufacture and includes steps j) through o). Step 
70 j) includes choosing a manufacturing process including 
manufacturing criteria and one or more manufacturing 
enablers to make the article of manufacture. Step k) in- 
cludes creating a manufacturing analysis methodology 
that relates the manufacturing process to the engineer- 
's jng parameters and the geometric parameters of the 
master model. Step I) includes creating a parametric ge- 
ometrical representation of the manufacturing enablers 
in terms of geometric parameters using a computer aid- 
ed design program, the parametric geometrical repre- 
sentation of the manufacturing enablers defining a man- 
ufacturing enabier model. Step m) includes storing the 
manufacturing enabier model on the computer medium. 
Step n) includes incorporating the manufacturing anal- 
ysis methodology into the computer code such that the 
manufacturing criteria are computer code inputs. Step 
o) includes inputting specific values of the manufactur- 
ing criteria into the computer code. In this implementa- 
tion, step i) also includes outputting from the computer 
code specific values of the geometric parameters of the 
manufacturing enabier model. 

[0007] In another implementation, the computer code 
is an iterative computer code, and the outputted specific 
values of the geometric parameters of the master model 
and/or the manufacturing enabier model may be manu- 
ally overridden after which the computer code continues 
to iteratively rerun and output other specific values while 
keeping the manually overridden values. 
[0008] In an additional implementation, the method is 
also for making the article of manufacture and includes 
the step of making the article of manufacture having the 
outputted specific values of the geometric parameters 
of the master model obtained from step i) with the out- 
putted specific values of the geometric parameters of 
the manufacturing enabier model also obtained form 
step i). 

[0009] Several benefits and advantages are derived 
from the invention. Using desired engineering parame- 
ters as inputs, instead of nominal geometric parameters, 
shortens the engineering design time. Factoring the 
manufacturability into the design process means that 
the manufacturing personnel will not have to review and/ 
or analyze a given design for producibility. This shortens 
the overall time to design and make the part. Factoring 
in customer requirements ensures that the quality of the 
parts produced meets the customer expectations which 
reduces warranty work on the manufacture's part and 
reduces potential downtime on the customer's part. Al- 
lowing for manually overriding the outputted specific val- 
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ues from the compute code of the geometric parameters 
ot the master model and/or manufacturing enabler mod- 
el provides for rapid design and manufacture of different 
specific articles within the same type of article (or same 
type manufacturing process) wherein different specific 
articles (or different specific manufacturing processes) 
have different hard constraints on one or more of their 
geometric parameters, as can be appreciated by those 
skilled in the art. 

[0010] The invention will now be described in greater 
detail, be way of example, with reference to the draw- 
ings in which: - 

Figure 1 is a hybrid apparatus/process block dia- 
gram (i.e., flow chart) ot an implementation of the 
method of the invention for designing and making 
an article of manufacture; 

Figures 2 is a block diagram expanding individual 
block 100 of Figure 2: 

Figure 3 is a block diagram expanding individual 
block 200 of Figure 2; 

Figure 4, is a block diagram expanding individual 
block 210 of Figure 2: 

Figure 5 is a block diagram expanding individual 
block 160 of Figure 1; 

Figure 6 is a block diagram expanding individual 
block 180 of Figure 1; and 

Figure 7 is a block diagram of steps whose perform- 
ance is provided for by block 6 of Figure 3. 

[0011] The present invention can be expressed as a 
process, a digital computer or a medium readable by a 
digital computer for the engineering design, and option- 
ally the making, of an article of manufacture. Such arti- 
cles or parts can range from the simple to the complex, 
and include, without limitation, a bolt or a gas-turbine 
combustor. 

[0012] An organization of the overall invention is 
shown in the hybrid apparatus/process block diagram 
of Figure 1 . Block 1 00 is entitled "Create Program", such 
program being stored in block 1 20 which is entitled "Me- 
dium Containing Program". Such medium is readable 
by a digital computer. A medium is a computer hard disk. 
Other such mediums include, without limitation, floppy 
disks and CD-RW disks. Block 120 is read by block 140 
which is entitled "Digital Computer". The choice of the 
digital computer is left to the artisan. However, one 
choice of a digital computer is a Hewlett Packard 
9000/C110 running an HPUX operating system. The 
program on the medium causes the digital computer to 
execute block 1 60 which is entitled "Method for Design- 
ing Part". Information which defines the designed part 
is sent to block 180 which is entitled "Make Designed 
Part". The contents of blocks 100, 160, and 180 will be 
further explained below. 

[0013] Block 100 is shown in more detail in the proc- 
ess flow chart of Figure 2. Block 1 00 includes block 200 
entitled "Create Design Program" followed by block 210 



4 

entitled "Create Manufacturing Program". Block 200 is 
shown in greater detail in Figure 3 as including blocks 
1 through 7 as hereinafter defined which correspond to 
process steps 1-7 as hereinafter explained. Block 210 

5 is shown in greater detail in Figure 4 as including blocks 
211 through 215 as hereinafter defined which corre- 
spond to process steps A-E as hereinafter explained. 
Block 160 is shown in greater detail in Figure 5 as in- 
cluding blocks 8-14 as hereinafter defined which corre- 

io spond to process steps 3-14 as hereinafter explained. 
Block 180 is shown in greater detail in Figure 6 as in- 
cluding blocks 15-17 as hereinafter defined which cor- 
respond to process steps 15-17 as hereinafter ex- 
plained. It is noted that block 6 provides for the perform- 

75 ance of the steps shown in Figure 7 as including blocks 
301-310 as hereinafter defined which correspond to 
process steps l-X (Roman Numerals) as hereinafter ex- 
plained. 

[0014] The following, which is referred to as Outline 

20 1 , describes the steps in the process. 

[0015] "Establish (i.e., define) the customer require- 
ment parameters for the part" is step 1 in the process 
and is shown in Figure 3 as block 1 entitled "Establish 
Customer Part Requirements". Customer requirements 

25 are defined as specific values or constraints of the cus- 
tomer requirement parameters on the overall perform- 
ance of a part which the part is expected to meet. Ex- 
amples include, but are not limited to, maximum weight, 
minimum life, minimum reliability, minimum strength, 

30 durability, minimum environmental operating condi- 
tions, conformance to a standard, cost, etc. As an ex- 
ample consider a common cereal box. Here the custom- 
er (a cereal manufacturer) might want a box with mini- 
mum cost, capable of holding X ounces of their product, 

35 with a minimum strength which allows for 1 0 filled boxes 
to be stacked without crushing the bottom box. 
[0016] "Create a parametric geometrical representa- 
tion of the part (Master Model) using a Computer Aided 
Design (CAD) program" is step 2 in the process and is 

40 shown in Figure 3 as block 2 entitled "Create Master 
Model Using CAD". A Master Model (i.e., a parametric 
representation of a part) is defined as a computer model/ 
representation usable within a Computer Aided Design 
Software, (commercially available examples of which 

45 are Unigraphics, ProE, IDEAS, etc.) in which part ge- 
ometry is described in terms of features (holes, lines, 
curves, chamfers, blends, radii, etc.) and dimensional 
parameters associated with these features which at any 
given time take on specific numerical values. This rep- 

so resentation of a part is often referred to as a rubber band 
part because all its dimensions are flexible. For the ce- 
real box example, the box is described by its length, 
width, height, and thickness of the cardboard all of which 
may vary. To understand the flexibility of this model, note 

55 that this also is a description of a mover's packing box. 
[0017] "Store the Master Model on a computer medi- 
um" is step 3 in the process and is shown in Figure 3 as 
block 3 entitled "Store Master Model on Medium". 
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[0018] "Establish (i.e., choose) the engineering pa- 
rameters relating to the successful design of the part (i. 
e. , relating to the customer requirement parameters)" is 
step 4 in the process and is shown in Figure 3 as block 
4 entitled "Establish Engineering Part Parameters". An 
engineering parameter is defined as a variable having 
a value or array of values used as the inputs to a design 
process whose goal is to establish the final parametric 
values of a part whose performance meets the customer 
input requirements. Examples include but are not limited 
to temperatures, pressures, material properties, 
number of instances of an item (as in the number of 
blades in a compressor row), pressure drops, etc. For 
the cereal box example this preferably is the material 
properties of the cardboard, density of the product, etc. 
[001 9] "Create a design analysis methodology that re- 
lates the parametric geometrical representation of the 
part (i.e., the master model) to the engineering param- 
eters and customer requirement parameters" is step 5 
in the process and is shown in Figure 3 as block 5 enti- 
tled "Create Design Analysis Methodology". The design 
analysis methodology is defined as the sequence of en- 
gineering analyses that are performed to determine if 
the part meets the desired customer specified functional 
requirements. While this analysis is specific to the part 
being designed, it is also general enough in nature that 
it allows the various part dimensions to be altered as 
needed. For a given part this preferably includes any 
and all combinations of analytically derived results, re- 
sults of analysis from Commercial Off-The-Shelf Soft- 
ware, response surfaces from a Design of Experiments, 
a company proprietary empirical procedure, a company 
standard design practice, text book procedures, etc. in 
an appropriate order. For the cereal box this preferably, 
without limitation, is a series of computations such as 1 ) 
compute the required volume based on product density, 
2) select the main dimensions to obtain the volume 
based a company procedure for esthetic box sizes, 3) 
compute the critical crushing parameters based on 
thickness, dimensions, and material properties, 4) com- 
pute cost based on empirical model relating surface ar- 
ea to cost. The design analysis methodology includes 
steps to compare results to desired requirements, to ad- 
just dimensions accordingly, and to iterate, as can be 
appreciated by the artisan. 

[0020] "Program the design analysis methodology in- 
to a Design Spreadsheet (i.e., a computer code which 
is a computer spreadsheet program or other non- 
spreadsheet computer program for a digital computer) 
in such a way that the engineering parameters and cus- 
tomer requirement parameters are the inputs and the 
geometric dimensions are the outputs (details of the 
suggested methodology for this step are provided in 
Outline 2)" is step 6 in the process and is shown in Fig- 
ure 3 as block 6 entitled "Program Into Design Spread- 
sheet". Once the design analysis methodology is de- 
fined, it is programmed into a computer code (i.e., a 
spreadsheet or other suitable computer program) for 



use by the design engineer. Since it is general in nature 
to all parts of the same configuration and requirements, 
it is reusable for multiple parts. For example a good ce- 
real box spreadsheet design tool preferably is used to 

s design all sizes of cereal boxes. Complete details of how 
this is done including the methodology are provided in 
Outline 2 as hereinafter explained. An example of the 
Design Spreadsheet is the XESS spreadsheet environ- 
ment in Unigraphics which is available from the EDS Un- 

io jgraphics Division of the Electronics Data Systems Cor- 
poration. 

[0021] "Store the Design Spreadsheet (i.e., computer 
code) on the medium" is step 7 in the process and is 
shown in Figure 3 as block 7 entitled "Store Design 
15 Spreadsheet On Medium". 

[0022] The Following Steps (A-E) in the Process Are 
For an optional Methodology and are not required for 
the basic design process. 

[0023] "Establish (i.e., choose) the manufacturing 

20 process including manufacturing criteria and one or 
more manufacturing enablers that will be used to make 
the part" is step A in the process and is shown in Figure 
4 as block 211 entitled "Establish Manufacturing Proc- 
ess". Once the article of manufacture has been defined 

25 it is possible to establish the manufacturing process that 
will be used to make the part. The process generally 
consists of a number of steps in which the raw material, 
for example a sheet of cardboard stock, is converted into 
the final part, a cereal box. For the cereal box some of 

30 the steps might include cutting out the shape of the box 
with its flaps from a flat sheet of cardboard, applying the 
packaging design toone side, stamping the sheet to pre- 
creasethe fold locations, folding, gluing, etc. In general 
terms, a manufacturing enabler is a representation of a 

35 manufacturing process input or an input component of 
the manufacturing process that is consistent with a spe- 
cific instance of a designed part. Examples include, 
process sheets to produce the component, drafting 
drawings, parametric master models for the tooling 

40 (Tooling Model), parametric master models for fixtures 
(Fixture Model), parametric master models for casting 
geometry associated with a component (Casting Mod- 
el), input data for NC machinery, tables of standard 
available stock sizes, etc. Manufacturing criteria are 

45 manufacturing parameters such as wall thickness of a 
mold used to make the part. 

[0024] "Create a manufacturing analysis methodolo- 
gy that relates the manufacturing process to the engi- 
neering parameters and the parametric geometrical di- 

50 mensions of the part (i.e., the geometric parameters of 
the master model)" is step B in the process and is shown 
in Figure 4 as block 212 entitled "Create Manufacturing 
Analysis Methodology'. A manufacturing analysis meth- 
odology or process capability model is defined as a nu- 

55 merical representation of a manufacturing process and 
/ or process capability that relates the required output 
part to the input manufacturing enablers (as defined in 
step C below). Examples of manufacturing analysis 
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methodologies include models of sheet metal forming 
process, models of casting process, forging processes 
models, machine press operations, machining toler- 
ance process models, assembly tolerancing models, 
etc. For the cereal box, an example manufacturing anal- 
ysis model preferably is the process for cutting out the 
box shape. For this cutting process the analysis might 
include first selecting a standard cardboard sheet size 
from a manufacturing enabler table of standards and 
then relating the cutter speed to the sheet dimensions 
and sheet properties to produce an estimate of whether 
the cardboard cuts or tears : the later of which preferably 
requires some changes to either the process (cutter 
speed) or the design of either the box or the cutter blade. 
[0025] "Create the parametric geometrical represen- 
tation^) of the manufacturing enabler(s) (i.e., a Manu- 
facturing Enabler Model) in terms of geometric param- 
eters associated with the manufacturing process for the 
part (Manufacturing Enabler Model) using a Computer 
Aided Design (CAD) program" is step C in the process 
and is shown in Figure 4 as block 213 entitled "Create 
Manufacturing Enabler Model Using CAD". A Manufac- 
turing Enabter Model is defined as a computer model or 
representation usable within a Computer Aided Design 
Software, (commercially available examples of which 
are Unigraphics, ProE, IDEAS, etc..) in which a hardware 
component specific tothe manufacturing process for the 
particular part is described in terms of features (holes, 
lines, curves, chamfers, blends, radii, etc.) and dimen- 
sional parameters associated with these features which 
at any given time take on specific numerical values. Ex- 
amples included Tooling Models, Fixture Models, Cast- 
ing Models, etc. For the cereal box example, a Tooling 
Model is the cardboard paper cutter mathematical mod- 
el that represents the unfolded and unglued shape of 
the box, including all the end flaps that are used to cut 
the box template from a sheet of cardboard. Another ex- 
ample is the press tooling that preferably is used to pre- 
crease the folds prior to folding the box. 
[0026] "Store the Manufacturing Enabler Model on a 
computer medium" is step D in the process and is shown 
in Figure 4 as block 214 entitled "Store Manufacturing 
Enabler Model On Medium". 

[0027] "Incorporate the manufacturing analysis meth- 
odology into the Design Spreadsheet (i.e., computer 
code) such that the manufacturing criteria are computer 
code inputs" is step E in the process and is shown in 
Figure 4 as block 215 entitled "Incorporate Manufactur- 
ing Into Design Spreadsheet". Once the manufacturing 
analysis methodology and its associated Manufacturing 
Enabler Models are defined, the numerical representa- 
tion of the manufacturing analysis methodology is pro- 
grammed into the Design Spreadsheet (i.e., computer 
code). Since it is added to the design analysis method- 
ology, it provides the spreadsheet with the ability to de- 
sign parts which meet the customer requirements and 
which simultaneously meet the requirements of the 
manufacturing capability of the factory floor. Like the de- 



sign analysis methodology, it is general in nature to all 
parts of the same configuration, and it is reusable for 
multiple parts. For example, the cereal box spreadsheet 
design tool is able to be used to design all sizes of cereal 
5 boxes and in addition prevents the design of boxes that 
can not be made. A simple example is the design of a 
large box which meets all the engineering criteria but for 
which there is no standard cardboard sheet available 
which is large enough to make the designed box. 

70 [0028] Returning to the Basic Process Methodology, 
a description is given of additional steps in the process. 
[0029] "Run the Design Spreadsheet (i.e., computer 
code) on the digital computer" is step 6 in the process 
and is shown in Figure 5 as block 8 entitled "Run Design 

75 Spreadsheet". Having established the analysis method- 
ologies and programming them into a Design Spread- 
sheet stored on the computer medium, the process of 
designing the parametric part can be initiated by running 
the design spreadsheet on the digital computer. 

20 [0030] "Design Engineer enters the design inputs" is 
step 9 in the process and is shown in Figure 5 as block 
9 entitled "Enter Design Inputs". The design engineer 
then enters the required design inputs: the specific val- 
ues of the engineering parameters, customer require- 

25 ment parameters, and manufacturing criteria (if applica- 
ble, such as a minimum required thickness of a mold 
used to make the part). If applicable, the design engi- 
neer also enters overriding geometric values as de- 
scribed in the spreadsheet implementation discussed in 

30 Outline 2. 

[0031] "The Design Spreadsheet (i.e., computer 
code) iterates on the design" is step 10 in the process 
and is shown in Figure 5 as block 10 entitled "Design 
Spreadsheet Iterates". The Design Spreadsheet then 

35 executes the numerical logic as explained in Outline 2 
and iterates (if it is an iterative computer code) on the 
solution. As appropriate, the iteration process may or 
may not query the design engineer for additional inputs 
or allow the design engineer to override select comput- 

40 ed values before continuing to iterate on a solution for 
the geometric values contained within it. 
[0032] "The Design Spreadsheet (i.e., computer 
code) outputs specific values of the master model geo- 
metric parameters" is step 11 in the process and is 

45 shown in Figure 5 as block 11 entitled "Output Geomet- 
ric Parameters". When the Design Spreadsheet has 
completed the numerical execution for the part being de- 
signed, the output specific values of the geometric pa- 
rameters for the part are displayed for the design engi- 

50 neer, and the part optionally can be made using the out- 
putted specific values of the geometric parameters of 
the master model. 

[0033] "The Design Spreadsheet (i.e., computer 
code) outputs specific values of the Manufacturing En- 
55 abler Model geometric parameters" is step 12 in the 
process and is shown in Figure 5 as block 12 entitled 
"Output Manufacturing Enabler Geometric Parame- 
ters". In the event the Design Spreadsheet contains the 
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manufacturing methodology noted in Steps A-E above : 
then when the Design Spreadsheet has completed the 
numerical execution for the part being designed, the out- 
put specific values of the geometric parameters for the 
Manufacturing Enabler Model(s) are displayed for the 5 
design engineer In addition, if the Design Spreadsheet 
produces any non-CAD manufacturing enablers, such 
as manufacturing process sheets, they are also dis- 
played at this time. Optionally, the part can be made us- 
ing the outputted specific values of the geometric pa- io 
rameters of the master model using the outputted spe- 
cific values of the geometric parameters of the manu- 
facturing enabler model. 

[0034] "Update Master Model with the specific values 
of the geometric parameters" is step 13 in the process 75 
and is shown in Figure 5 as block 13 entitled "Update 
Master Model". Optionally after review by the design en- 
gineer the geometric parameters output by the Design 
Spreadsheet for the part are used to update the para- 
metric dimensions in the Master Model. In one mode of 20 
operation, the Design Spreadsheet, through interna! nu- 
merical logic, updates the Master Model directly. Exam- 
ples of commerciaily available software that provide this 
update method include Unigraphics and its associated 
XESS spreadsheet environment. 25 
[0035] "Update Manufacturing Enabler Model(s) with 
specific values of their geometric parameters" is step 14 
in the process and is shown in Figure 5 as block 14 en- 
titled "Update Manufacturing Enabler Model(s)". Option- 
ally, in the event the Design Spreadsheet (i.e. , computer 30 
code) contains the manufacturing methodology noted in 
Steps A-E above, then after review by the design engi- 
neer the geometric parameters output by the Design 
Spreadsheet for the Manufacturing Enabler Model(s) 
are used to update the parametric dimensions of the 35 
Manufacturing Enabler Model(s). In one mode of oper- 
ation, the Design Spreadsheet, through internal numer- 
ical logic updates the Manufacturing Enabler Model(s) 
directly. Examples of commercially available software 
that provide this update method include Unigraphics 40 
and its associated XESS spreadsheet environment. 
[0036] The Following Steps (Steps 15-17) in the Proc- 
ess Relate to the Actual Making of the Part and are Op- 
tional. 

[0037] "Forward design for manufacturing" is step 15 45 
in the process and is shown in Figure 6 as block 15 en- 
titled "Forward Design For Manufacturing". The article 
of manufacture developed in steps 1-14 above can be 
forwarded for manufacture. 

[0038] "Perform manufacturing analysis if needed " is so 
step 1 6 in the process and is shown in Figure 6 as block 
16 entitled "Perform Manufacturing Analysis". If the De- 
sign Spreadsheet contains the manufacturing method- 
ology noted in Steps A-E above, then this step typically 
is not performed. 55 
[0039] "Make the part " is step 17 in the process and 
is shown in Figure 6 as block 17 entitled "Make Part". 
[0040] The following, which is referred to as Outline 



2, describes the steps in the Development of the Design 
Spreadsheet Logic. 

[0041] The following outline discusses the basic logic 
used to develop the Design Spreadsheet. It is important 
to note that the use of the term spreadsheet includes 
any type of programmable computer software. Exam- 
ples include, but are not limited to, EXCEL, XESS, FOR- 
TRAN, C, C++, MOTIF, JAVA, CORBA, etc. An example 
of a program is one in which there is an internally pro- 
vided link between the Computer Aided Design (CAD) 
program and the Design Spreadsheet. An example of 
this is the Unigraphics CAD program and the XESS 
Spreadsheet program. The essential feature of the im- 
plementation is to provide a computer program whose 
main function is to design a part by leveraging a Master 
Model and then: 

A. Inputting Engineering Parameters, Customer 
Requirements, and optional Manufacturing Criteria, 

B. Employing a numerical analysis algorithm, and 

C. Outputting the Geometric Dimensions of the 

Part. 

[0042] This implementation is superior to the classical 
design methodology in which the geometry is "guessed" 
dimensions which are set and then iterated. The devel- 
opment of the Design Spreadsheet assumes that there 
exists a feature-based Master Model as described in 
Step 2 of Outline 1. Additionally, there may or may not 
be one or more Manufacturing Enabler Models as de- 
scribed in optional Step C above. 
[0043] The Design Spreadsheet Logic provides for 
the following steps (shown in Figure 7) to be performed: 
[0044] "Provide For Inputs* is step Roman Numeral I 
in the process and is shown in Figure 7 as block 301 
entitled "Provide For Inputs". One required function of 
the Design Spreadsheet is to allow the design engineer 
to input the Engineering Parameters and Customer Re- 
quirements. It should be kept in mind that these param- 
eters are related throughout the design analysis meth- 
odology to the part parametric (geometric) dimensions. 
Since the parametric (geometric) part will initially have 
some default set of dimensions, it is recommended that 
the Design Spreadsheet also have a consistent set of 
initial default values of the inputs. These Design Spread- 
sheet defaults do not have to correspond to the default 
part dimensions. The Design Spreadsheet provides for 
the following types of inputs: 

A. Engineering Parameters, 

B. Customer Requirements, and 

C. Manufacturing Criteria (Optional). 

[0045] "Perform Analysis to Determine Initial Esti- 
mates of Dimensions" is step Roman Numeral II in the 
process and is shown in Figure 7 as block 302 entitled 
"Perform Analysis For Initial Dimensions". The Design 
Spreadsheet performs a simple analysis to set the initial 
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estimates of the parametric dimensions for the part. The 
simple analysis used here is simply to "size" the part 
and provide the initial estimates for the iterative design 
procedure used to design the part. 
[0046] H Set current dimensions of the part to the initial 
estimates" is step Roman Numeral III in the process and 
is shown in Figure 7 as block Roman Numeral 303 en- 
titled "Set Dimensions To Initial Estimates". This step 
provides a reference step for the iterative process. 
[0047] "Allow design engineer to override current di- 
mensions if desired" is step Roman Numeral IV in the 
process and is shown in Figure 7 as block 304 entitled 
"Allow For Dimension Override". A key element of any 
design process is to allow the designer access to the 
model to override any computed value. This provides 
the ability for the design engineer to drive the design in 
a particular way to handle circumstances for which the 
general tool does not take account. For example, a cus- 
tomer might have an unusual requirement that some di- 
mension be a fixed value. Another use for this input area 
is to provide the design engineer the ability to periodi- 
cally access the developing design during the detailed 
engineering analysis of step Roman Numeral V. This 
provides for greater flexibility in using the Design 
Spreadsheet. 

[0048] "Perform detailed engineering analysis" is step 
Roman Numeral V in the process and is shown in Figure 
7 as block 305 entitled "Perform Engineering Analysis". 
The Design Spreadsheet is programmed to perform the 
analytical representation of the design analysis method- 
ology developed for the parametric Master Model. This 
analysis forms the basis of what is typically an iterative 
procedure, although in some instances it may require 
only one pass, involving steps Roman Numerals IV 
through VIII. 

[0049] "Compare results to customer requirements" is 
step Roman Numeral VI in the process and is shown in 
Figure 7 as block 306 entitled "Compare to Customer 
Requirements". The Design Spreadsheet performs a 
determination to evaluate if all of the customer require- 
ments have been met. 

A. If requirements are met, go, to step Roman Nu- 
meral VII. 

B. If requirements are not met: 

1 . Update current dimensions. The methodolo- 
gy for updating the part dimensions in the event 
that the convergence criteria for the design was 
not met is programmatically included in the De- 
sign Spreadsheet at this point. The analytic 
methodology for doing this is determined during 
the development of the design analysis meth- 
odology. 

2. Return to the step following step Roman Nu- 
meral III. 

[0050] "If the manufacturing analysis methodology is 



included; then perform manufacturing analysis, else go 
to step Roman Numeral IX" is step Roman Numeral VII 
in the process and is shown in Figure 7 as block 307 
entitled "Perform Manufacturing Analysis". In the event 

5 that the Design Spreadsheet includes the manufactur- 
ing analysis methodology then the analytical represen- 
tation of the manufacturing analysis methodology is de- 
veloped and programmed at this point. 
[0051] "Compare results to manufacturing require- 

io ments" is step Roman Numeral VIII in the process and 
is shown in Figure 7 as block 30B entitled "Compare to 
Manufacturing Requirements". 

A. If the requirements are met, go to step IX. 

75 B. If the requirements are not met. analytically up- 
date current part dimensions, manufacturing ena- 
bler dimension(s), or process controls as appropri- 
ate. The methodology for updating the analysis in 
the event that the convergence criteria for the de- 

20 sign was not met from a manufacturing view point 
is programmably included in the Design Spread- 
sheet at this point. The analytic methodology for do- 
ing this is determined during the development of the 
manufacturing analysis methodology. A key differ- 

2$ ence between this update and the update in step 
VLB. 1 . is that here any one or combination of the 
part geometry, the manufacturing enabler geome- 
try, and the manufacturing input criteria are updat- 
ed. 

30 c. Return to Step Roman Numeral IV or VI as ap- 
propriate. 

[0052] "Output parametric geometric part dimensions 
for the Master Model" is step Roman Numeral IX in the 
35 process and is shown in Figure 7 as block 309 entitled 
"Output Dimensions For Master Model". 

A. An example of a methodology is one in which 
the CAD model is directly updated by the Design 
Spreadsheet. 

40 [0053] "If the manufacturing analysis methodology is 
included, then output the parametric geometric dimen- 
sions for the Manufacturing Enabler Model(s)" is step 
Roman Numeral X in the process and is shown in Figure 
7 as block 310 entitled "Output Dimensions for Manu- 

45 facturing Enabler Model(s)". 

A. An example of a methodology is one in which 
the CAD model is directly updated by the Design 
Spreadsheet. 

[0054] Several benefits and advantages are derived 
so from the invention. Using desired engineering parame- 
ters as inputs, instead of nominal geometric parameters, 
shortens the engineering design time. Factoring the 
manufacturability into the design process means that 
the manufacturing personnel will not have to review and/ 
55 or analyze a given design for producibility. This shortens 
the overall time to design and make the part. Factoring 
in customer requirements ensures that the quality of the 
parts produced meets the customer expectations which 
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reduces warranty work on the manufacture's part and 
reduces potential downtime on the customer's part. 
[0055] It is understood that the order of performing the 
steps of the process may be varied, if logically feasible, 
as is within the understanding of those skilled in the art. $ 
For example, and without limitation, in Figure 2, block 
21 0 entitled "Create Manufacturing Program" can come 
before block 200 entitled "Create Design Program". Al- 
so, steps IV - VIII can be performed in any logical order 
as can be understood by the artisan. It is further under- to 
stood that certain steps are optional, as previously de- 
scribed and as can be appreciated by the artisan. Ap- 
plicants have used the present invention to design swirl- 
ers for a gas turbine combustor. Once the modeling and 
programming of the process was done (which entailed T5 
about 160 person-hours of routine work), running the 
design process took about 2 person-hours to reach an 
acceptable design which considered numerous varia- 
tions in the engineering parameter inputs. This com- 
pares to performing a conventional design process for 20 
designing swirlers for a gas turbine combustor which 
typically takes about 16 person-hours to reach an ac- 
ceptable design which considered only a few variations 
in geometry variables. The Design Spreadsheet used 
about one thousand cells in an XESS spreadsheet en- 25 
vironment in Unigraphics. Applicants believe the design 
resulting from the process of their invention is superior 
to a conventionally-derived design because they con- 
sider numerous variations in engineering parameter in- 
puts instead of the conventional few variations in geom- 30 
etry variables. Also, another strength of the process of 
Applicants' invention comes with reusing the modeled 
and programmed process to yield other designs of the 
particular part. For example, with Applicants' invention, 
the first 100 swirler designs takes 360 person-hours 35 
(with each additional design taking about 2 hours). This 
compares to 1600 person-hours using a conventional 
design process. 

[0056] It should be noted that the process of the in- 
vention is recursive in that the process is capable of de- 40 
signing a part, of also designing a mold to make the part, 
of also designing a tool used to make the mold to make 
the part, etc. 

[0057] Thus, it is seen that the invention is expressed 
as a process for designing an article of manufacture or 45 
as a process for designing and making an article of man- 
ufacture. Alternatively! the invention is expressed as a 
digital computer 140 which includes a program for the 
engineering design (or engineering design and making) 
of an article of manufacture which instructs the digital so 
computer 140 to perform the steps of the above-de- 
scribed process. Also, alternatively, the invention is ex- 
pressed as a medium 120 which contains a program 
readable by a digital computer 140 for the engineering 
design (or engineering design and making) of an article 55 
of manufacture which instructs the digital computer 140 
to perform the steps of the above-described process. 
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Claims 

1. A method for designing an article of manufacture 
comprising the stops of: 

a) defining one or more customer requirement 
parameters for the article of manufacture, 

b) creating a parametric geometrical represen- 
tation of the article of manufacture in terms of 
geometric parameters using a computer aided 
design program, the parametric geometrical 
representation of the article of manufacture de- 
fining a master model 

c) storing the master model on a computer me- 
dium; 

d) choosing one or more engineering parame- 
ters relating to the customer requirement pa- 
rameters; 

e) creating a design analysis methodology that 
relates the master model to the engineering pa- 
rameters and the customer requirement pa- 
rameters; 

f) programming the design analysis methodol- 
ogy into a computer code such that the engi- 
neering parameters and customer requirement 
parameters are program inputs and the geo- 
metric parameters of the master model are pro- 
gram outputs; 

g) storing the computer code on the computer 
medium: 

h) inputting specific values of the engineering 
parameters and the customer requirement pa- 
rameters into the computer code: and 

i) running the computer code on a digital com- 
puter and outputting therefrom specific values 
of the geometric parameters of the master mod- 
el. 

2. The method of claim 1, also for making the article 
of manufacture, and also including the step of mak- 
ing the article of manufacture having the outputted 
specific values of the geometric parameters of the 
master model obtained from step i). 

3. The method of claim 1 , wherein step f) includes pro- 
gramming the design analysis methodology into an 
iterative computer code and wherein step i) in- 
cludes the step of iteratively running the computer 
code. 

4. The method of claim 3, wherein step f ) includes pro- 
gramming the design analysis methodology into an 
iterative computer code such that in step i) one or 
more of the outputted specific values of the geomet- 
ric parameters of the master model are manually 
overridable after which the computer code contin- 
ues iteratively rerunning and outputting therefrom 
other specific values for the geometric parameters 
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of the master model while keeping the manually 
overridden values. 

5. The method of claim 1 , also for designing a manu- 
facturing process for making the article of manufac- 
ture, and also including the steps of: 

j) choosing a manufacturing process including 
manufacturing criteria and one or more manu- 
facturing enablers to make the article of manu- 
facture; 

k) creating a manufacturing analysis methodol- 
ogy that relates the manufacturing process to 
the engineering parameters and the geometric 
parameters of the master model; 
I) creating a parametric geometrical represen- 
tation of the manufacturing enablers in terms of 
geometric parameters using a computer aided 
design program., the parametric geometrical 
representation of the manufacturing enablers 
defining a manufacturing enabler model; 
m) storing the manufacturing enabler model on 
the computer medium: 

n) incorporating the manufacturing analysis 
methodology into the computer code such that 
the manufacturing criteria are computer code 
inputs; and 

o) inputting specific values of the manufactur- 
ing criteria into the computer code; and 

wherein step i) also includes outputting from 
the computer code specific values of the geometric 
parameters of the manufacturing enabler model. 

6. The method of claim 5, also for making the article 
of manufacture, and also including the step of mak- 
ing the article of manufacture having the outputted 
specific values of the geometric parameters of the 
master model obtained from step i) by using the 
manufacturing process chosen in step j) with the 
outputted specific values of the geometric parame- 
ters of the manufacturing enabler model also ob- 
tained from step i). 

7. The method of claim 5, wherein step f) includes pro- 
gramming the design analysis methodology into an 
iterative computer code and wherein step i) in- 
cludes the step of iteratively running the computer 
code. 

8. The method of claim 7, wherein step n) includes in- 
corporating the manufacturing analysis methodolo- 
gy into the iterative computer code such that in step 
i) one or more of the outputted specific values of the 
geometric parameters of the manufacturing enabler 
model are manually overridable after which the 
computer code continues iteratively rerunning and 
outputting therefrom other specific values of the ge- 
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ometric parameters of the manufacturing enabler 
model while keeping the manually overridden val- 
ues of the geometric parameters of the manufactur- 
ing enabler model. 

5 

9. The method of claim 8, wherein step f) includes pro- 
gramming the design analysis methodology into an 
iterative computer code such that in step i) one or 
more of the outputted specific values of the geomet- 

10 ric parameters of the master model are manually 
overridable after which the computer code contin- 
ues iteratively rerunning and outputting therefrom 
other specific values for the geometric parameters 
of the master model while keeping the manually 

75 overridden values of the geometric parameters of 
the master model. 

10. The method of claim 9, also for making the article 
of manufacture, and also including the step of mak- 

20 ing the article of manufacture having the outputted 
specific values of the geometric parameters of the 
master model obtained from step i) by using the 
manufacturing process chosen in step j) with the 
outputted specific values of the geometric parame- 

25 ters of the manufacturing enabler model also ob- 
tained from step i). 
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